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(57) ABSTRACT

A planetary gear train may include mput and output shatts,
first to fourth planetary gear sets respectively having first to
third, fourth to sixth, seventh to ninth, and tenth to twelith
elements, a first shaft connected with the ninth element and
selectively connected with the mput shait, a second shait
connected with the twelfth element and selectively con-
nected with the mput shait, a third shait connected with the

US 2019/0078650 Al Mar. 14, 2019 cighth and tenth elements and the output shaft, a fourth shaft
\ . e . connected with the first, fifth, and eleventh elements, a fifth
(30) Foreign Application Priority Data shaft connected with the third, sixth, and seventh elements,
Sep. 13, 2017 (KR) 10-2017-0117416 and a plurality of additional shafts each selectively connect-
T ing a corresponding element to a transmission housing, the
(51) Int. CL. corresponding element being an element of the first or
F16H 3/66 (2006.01) second planetary gear sets that 1s not interconnected.
FloH 3/44 (2006.01) 11 Claims, 2 Drawing Sheets
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FIG. 2
Engagement element
Shift-stage ' Gear ratio
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PLANETARY GEAR TRAIN OF AN
AUTOMATIC TRANSMISSION FOR A
VEHICLE

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority to and the benefit of

Korean Patent Application No. 10-2017-0117416 filed 1n the
Korean Intellectual Property Oflice on Sep. 13, 2017, the
entire contents of which are incorporated herein by refer-
ence.

BACKGROUND
(a) Field of the Disclosure

The present disclosure relates to automatic transmissions
tor vehicles. More particularly, the present disclosure relates
to a planetary gear train of an automatic transmission of a
vehicle.

(b) Description of the Related Art

Research on realizing more shift-stages of automatic
transmissions has been conducted to enhance vehicle fuel
consumption and drivability. Increasing o1l prices have
triggered flerce competition to enhance vehicle fuel con-
sumption.

Research into weight reduction and enhanced fuel con-
sumption through downsizing of an engine has been con-
ducted. Research has also been conducted on automatic
transmissions to simultaneously provide better drivability
and fuel consumption by achieving more shift stages.

In order to achieve more shift stages for an automatic
transmission, the number of parts 1s typically increased. As
a result, this may deteriorate the installability, production
cost, weight and/or power flow efliciency.

Eight-speed automatic transmissions have been recently
introduced, and a planetary gear traimn for an automatic
transmission enabling more shift stages 1s under mnvestiga-
tion.

An automatic transmission of eight or more shift-stages
typically includes three to four planetary gear sets and five
to seven engagement elements (irictional elements). As a
result, the automatic transmission may easily become
lengthy, thereby deteriorating installability.

Disposing planetary gear sets in parallel or employing dog
clutches instead of wet-type control elements has been
attempted. However, such an arrangement may not be
widely applicable, and using dog clutches may easily dete-
riorate shift-feel.

The above miformation disclosed i1n this Background
section 1s only to enhance understanding of the background
of the disclosure. Therefore, the background may contain
information that is not prior art that 1s already known 1n this
country to a person of ordinary skill in the art.

SUMMARY

The present disclosure relates to a planetary gear train of
an automatic transmission for a vehicle. The disclosed
planetary gear train enables at least ten forward speeds,
thereby improving vehicle performance and fuel efliciency.

A planetary gear train according to an embodiment may
include an iput shaft for receiving an engine torque, an
output shaft for outputting a shifted torque, a first planetary
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gear set having first, second, and third rotational elements,
a second planetary gear set having fourth, fifth, and sixth
rotational elements, a third planetary gear set having sev-
enth, eighth, and ninth rotational elements, and a fourth
planetary gear set having tenth, eleventh, and twellth rota-
tional elements. An exemplary planetary gear tramn may
turther include: a first shaft fixedly connected with the ninth
rotational element and selectively connected with the input
shaft; a second shait fixedly connected with the twelith
rotational element and selectively connected with the input
shaft; a third shait fixedly connected with the eighth rota-
tional element and the tenth rotational element, and fixedly
connected with the output shaft; a fourth shaft fixedly
connected with the first rotational element, the fifth rota-
tional element, and the eleventh rotational element; a fifth
shaft fixedly connected with the third rotational element, the
sixth rotational element, and the seventh rotational element:
and a plurality of additional shafts each selectively connect-
ing a corresponding element to a transmission housing, the
corresponding element being a rotational element of the first
or second planetary gear sets that 1s not fixedly intercon-
nected.

The plurality of additional shafts may include a sixth shaft
fixedly connected with the second rotational element and
selectively connected with the transmission housing, and a
seventh shaft fixedly connected with the fourth rotational
clement and selectively connected with the transmission
housing. The mput shait and the first shaft, the mput shaft
and the second shatt, the first shaft and the fourth shaft, and
the second shaft and the seventh shaft may be selectively
interconnected with each other respectively.

The exemplary planetary gear train may further include
four clutches each selectively connecting a corresponding
pair ol shafts selected among the mput shait, the output
shaft, and the first to seventh shafts. The exemplary plan-
ctary gear train may also include two brakes selectively
connecting the sixth shaft and the seventh shaft to the
transmission housing, respectively.

The four clutches may include a first clutch arranged
between the mput shait and the first shaft, a second clutch
arranged between the input shaft and the second shaft, a
third clutch arranged between the first shaft and the fourth
shaft, and a fourth clutch arranged between the second shait
and the seventh shaft. The two brakes may include a first
brake arranged between the sixth shaft and the transmission
housing, and a second brake arranged between the seventh
shaft and the transmission housing.

The first planetary gear set may be a single pinion
planetary gear set having a first sun gear, a first planet
carrier, and a {first ring gear as the first, second, and third
rotational elements, respectively. The second planetary gear
set may be a single pinion planetary gear set having a second
sun gear, a second planet carrier, and a second ring gear as
the fourth, fifth, and sixth rotational elements, respectively.
The third planetary gear set may be a single pinion planetary
gear set having a third sun gear, a third planet carrier, and a
third ring gear as the seventh, eighth, and ninth rotational
clements, respectively. The fourth planetary gear set may be
a single pinion planetary gear set having a fourth sun gear,
a fourth planet carrier, and a fourth ring gear as the tenth,
cleventh, and twelfth rotational elements, respectively.

The first, second, third, and fourth planetary gear sets may
be arranged 1n the order of the first, second, fourth, and third
planetary gear sets from an engine side.

A planetary gear train according to an embodiment of the
present disclosure may realize at least ten forward speeds
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and one reverse speed by combination of four planetary gear
sets together with s1x engagement elements.

In addition, a planetary gear train according to an embodi-
ment of the present disclosure may substantially improve
driving stability by realizing shift-stages appropriate for the
rotation speed of an engine due to multi-stages of an
automatic transmission.

In addition, a planetary gear train according to an embodi-
ment of the present disclosure may maximize engine driving,
elliciency by multi-stages of an automatic transmission. The
planetary gear train according to an embodiment of the
present disclosure may also improve power delivery perfor-
mance and fuel consumption.

Further, eflects that can be obtaimned or expected from
embodiments of the present disclosure are directly or sug-
gestively described in the detailed description below. In
other words, various eflects expected from embodiments of
the present disclosure will be described 1n the detailed
description below.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic diagram of a planetary gear train
according to an embodiment of the present disclosure.

FIG. 2 1s an operational chart for respective control
clements at respective shift-stages applicable to a planetary
gear train according to an embodiment of the present dis-
closure.

DETAILED DESCRIPTION OF TH.
EMBODIMENTS

L1

It 1s desired to develop a planetary gear train capable of
representing maximum efliciency by a small number of parts
in order to increase fuel etliciency through multi-staging of
speed changes or gear shifts. In one example, development
of high etliciency automatic transmissions, which achieve at
least ten forward speed stages, 1s desirable. In this aspect, the
present disclosure relates to a planetary gear tramn of an
automatic transmission for a vehicle. The disclosed plan-
etary gear train may improve power delivery performance
and reduce fuel consumption by implementing a speed
change stage of at least ten forward speeds using a minimum
number of parts.

Hereinafter, one embodiment of the present disclosure 1s
described 1n detail with reference to drawings. In the draw-
ings, the following symbols are used to identify various
elements of the disclosed embodiments, wherein:

1. B1, B2 represent first and second brakes;

1. C1, C2, C3, C4 represent {irst, second, third, and fourth

clutches:

111. N1, N2, N3, N4, N5, N6, N7, N8, N9, N10, N11, N12
represent first, second, third, fourth, fifth, sixth, sev-
enth, eighth, ninth, tenth, eleventh, and twelith rota-
tional elements;

1v. PG1, PG2, PG3, PG4 represent first, second, third, and
fourth planetary gear sets;

v. S1, S2, 83, S4 represent first, second, third, and fourth
sun gears;

vi. PC1, PC2, PC3, PC4 represent first, second, third, and
fourth planet carriers;

vii. R1, R2, R3, R4 represent first, second, third, and
fourth ring gears;

vil. P1, P2, P3, P4 represent first, second, third, and
fourth pinion gears;

1X. IS represents an input shatt;

Xx. OS represents an output shaft; and
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x1. TM1, TM2, TM3, TM4, TMS, TM6, TM7 represent
first, second, third, fourth, fifth, sixth, and seventh
shafts.

The drawings and description are to be regarded as
illustrative 1n nature and not restrictive. Also, like reference
numerals designate like elements throughout the specifica-
tion.

In the following description, using names or terms to
identily components such as first, second, third, and the like
1s to differentiate the names because the names of the
components are otherwise the same as each other. Such a
naming convention 1s not intended to denote or set an order
thereol and the disclosure 1s not intended to be so limited.

FIG. 1 1s a schematic diagram of a planetary gear train
according to one embodiment of the present disclosure.

Referring to FIG. 1, a planetary gear train according to
one embodiment of the present disclosure includes first,
second, third, and fourth planetary gear sets PG1, PG2, PG3,
and PG4 arranged on a same axis. In one embodiment, the
planetary gear train also includes an input shatt IS, an output
shaft OS, seven shaits TM1-TM7 interconnecting rotational
clements of the first, second, third, and fourth planetary gear
sets PG1, PG2, PG3, and PG4, engagement elements of four
clutches C1-C4 and two brakes B1 and B2, and a transmis-
s1on housing H.

Torque mput from the input shait IS 1s shifted by coop-
crative operation of the first, second, third, and fourth
planetary gear sets PG1, PG2, PG3, and PG4. The shifted
torque 1s then output through the output shait OS.

In this embodiment, the planetary gear sets are arranged
in the order of the first, second, fourth, and third planetary
gear sets PG1, PG2, PG4, and PG3, from an engine side.

The input shatt IS 1s an mput member and may receive a
torque from a crankshaft of an engine through a torque
converter.

The output shaft OS i1s an output member arranged on the
same axis as the input shait IS. The output shaft OS outputs
a shifted driving torque to a driveshatt through a differential
apparatus.

In this embodiment, the first planetary gear set PG1 1s a
single pinion planetary gear set. The first planetary gear set
PG1 includes a first sun gear S1, a first planet carrier PC1
rotatably supporting a plurality of first pinion gears P1
externally gear-meshed with the first sun gear S1, and a first
ring gear R1 internally gear-meshed with the plurality of first
pinion gears P1 engaged with the first sun gear S1. The first
sun gear S1 acts as a first rotational element N1, the first
planet carrier PC1 acts as a second rotational element N2,
and the first ring gear R1 acts as a third rotational element
N3.

In this embodiment, the second planetary gear set PG2 1s
a single pinion planetary gear set. The second planetary gear
set PG2 includes a second sun gear S2, a second planet
carrier PC2 rotatably supporting a plurality of second pinion
gears P2 externally gear-meshed with the second sun gear
S2, and a second ring gear R2 internally gear-meshed with
the plurality of second pinion gears P2 engaged with the
second sun gear S2. The second sun gear S2 acts as a fourth
rotational element N4, the second planet carrier PC2 acts as
a 1ifth rotational element N5, and the second ring gear R2
acts as a sixth rotational element N6.

In this embodiment, the third planetary gear set PG3 1s a
single pinion planetary gear set. The third planetary gear set
PG3 includes a third sun gear S3, a third planet carrier PC3
rotatably supporting a plurality of third pinion gears P3
externally gear-meshed with the third sun gear S3, and a
third ring gear R3 internally gear-meshed with the plurality
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of third pinion gears P3 engaged with the third sun gear S3.
The third sun gear S3 acts as a seventh rotational element
N7, the third planet carrier PC3 acts as an eighth rotational
clement N8, and the third ring gear R3 acts as a ninth
rotational element N9.

In this embodiment, the fourth planetary gear set PG4 1s
a single pinion planetary gear set. The fourth planetary gear
set PG4 1ncludes a fourth sun gear S4, a fourth planet carrier
PC4 rotatably supporting a plurality of fourth pinion gears
P4 externally gear-meshed with the fourth sun gear S4, and
a fourth ring gear R4 internally gear-meshed with the
plurality of fourth pinion gears P4 engaged with the fourth
sun gear S4. The fourth sun gear S4 acts as a tenth rotational
clement N10, the fourth planet carrier PC4 acts as an
cleventh rotational element N11, and the fourth ring gear R4
acts as a twellth rotational element N12.

In the arrangement of the first, second, third, and fourth

planetary gear sets PG1, PG2, PG3, and PG4, the first

rotational element N1 1s fixedly connected with the fifth
rotational element NS and the eleventh rotational element
N11, the third rotational element N3 i1s fixedly connected
with the sixth rotational element N6 and the seventh rota-
tional element N7, and the eighth rotational element N8 1s
fixedly connected with the tenth rotational element N10,
thereby forming seven shafts TM1-TM7.

The seven shaits TM1-TM7 are described in further detail
below.

In this embodiment, the first shatt TM1 1s fixedly con-
nected with the ninth rotational element N9 (third ring gear
R3). The first shatft TM1 1s also selectively connected with
the mput shaft IS, thereby selectively acting as an input
clement.

In this embodiment, the second shaft TM2 1s fixedly
connected with the twelfth rotational element N12 (fourth
ring gear R4). The second shait TM2 1s also selectively
connected with the input shaft IS, thereby selectively acting
as an input element.

In this embodiment, the third shaft TM3 1s fixedly con-
nected with the eighth rotational element N8 (third planet
carrier PC3) and the tenth rotational element N10 (fourth
sun gear S4). The third shait TM3 1s also fixedly connected
with the output shait OS, thereby always acting as an output
clement.

In this embodiment, the fourth shait TM4 i1s fixedly
connected with the first rotational element N1 (first sun gear
S1), the fifth rotational element N5 (second planet carrier
PC2), and the eleventh rotational element N11 (fourth planet
carrier PC4).

In this embodiment, the fifth shaft TMS5 1s fixedly con-
nected with the third rotational element N3 (first ring gear
R1), the sixth rotational element N6 (second ring gear R2),
and the seventh rotational element N7 (third sun gear S3).

In this embodiment, the sixth shait TM6 1s fixedly con-
nected with the second rotational element N2 (first planet
carrier PC1).

In this embodiment, the seventh shaft TM7 1s fixedly
connected with the fourth rotational element N4 (second sun
gear S2).

Each of the seven shaits TM1-TM7 may be a rotational
member that fixedly interconnects the mmput and output
shafts and rotational elements of the planetary gear sets PG,
PG2, PG3, and PG4. Each of the seven shafts TM1-TM7
may also be a rotational member that selectively intercon-
nects a rotational element to the transmission housing H.
Each of the seven shafts TM1-TM7 may also be a fixed

member fixed to the transmission housing H.
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In the disclosure, when two or more members are
described as being “fixedly connected,” where each of the
two or more members may be any of a shaft, an input shaft,
an output shait, a rotational member, or a transmission
housing, it means that the fixedly connected members
always rotate at a same speed.

When two or more members are described as being
“selectively connected” by an engagement element, 1t means
that the selectively connected members rotate separately
when the engagement element 1s not engaged, and rotate at
a same speed when the engagement element 1s engaged. It
may be understood that in the case that a member 1s
“selectively connected” with a transmission housing by an
engagement element, the member may be stationary when
the engagement element 1s engaged.

In this embodiment, the first shaft TM1 1s selectively
connected with the mput shaft IS, the second shait TM2 1s
selectively connected with the mput shait IS, the first shaift
TML1 1s selectively connected with the fourth shaft TM4, and
the second shait TM2 1s selectively connected with the
seventh shaft TM7.

In this embodiment, the sixth shaft TM6 and the seventh
shaft TM7 are selectively connected with the transmission
housing H, thereby selectively acting as fixed elements,
respectively.

In this embodiment, the engagement elements of the four
clutches C1, C2, C3, and C4 are arranged between the seven
shafts TM1-TM7, the input shaft IS, and the output shait OS,
so as to form selective connections.

The seven shafts TM1-TM7 may be selectively connected
with the transmission housing H by control elements of two
brakes B1 and B2.

The six engagement elements of the four clutches C1-C4
and the two brakes B1 and B2 are arranged as follows for
this embodiment.

The first clutch C1 1s arranged between the 1nput shatt IS
and the first shaft TM1. The first clutch C1 selectively
connects the input shaft IS and the first shaft TM1, thereby
controlling power delivery therebetween.

The second clutch C2 1s arranged between the iput shaift

IS and the second shait TM2. The second clutch C2 selec-
tively connects the input shaft IS and the second shait TM2,
thereby controlling power delivery therebetween.

The third clutch C3 1s arranged between the first shaft
TM1 and the fourth shait TM4. The third clutch C3 selec-
tively connects the first shait TM1 and the fourth shaft TM4,
thereby controlling power delivery therebetween.

The fourth clutch C4 1s arranged between the second shaft
TM2 and the seventh shait TM7. The fourth clutch C4
selectively connects the second shaft TM2 and the seventh
shaft TM7, thereby controlling power delivery therebe-
tween.

The first brake B1 1s arranged between the sixth shaft
TM6 and the transmission housing H. The first brake Bl
selectively connects the sixth shait TM6 to the transmission
housing H.

The second brake B2 1s arranged between the seventh
shaft TM7 and the transmission housing H. The second
brake B2 selectively connects the seventh shaft TM7 to the
transmission housing H.

The engagement elements of the first, second, third, and
fourth clutches C1, C2, C3, and C4 and the first and second
brakes B1 and B2 may be multi-plate hydraulic pressure
friction devices that are frictionally engaged by hydraulic
pressure. However, 1t should be understood that the engage-




US 10,267,388 B2

7

ment elements are not to be limited thereto, since various
other configurations that are electrically controllable may be
available.

FIG. 2 1s an operational chart for respective control
clements at respective shift-stages applicable to a planetary
gear train according to an embodiment of the present dis-
closure.

Referring to FIG. 2, a planetary gear train according to an
embodiment of the present disclosure realizes shifting
between ten forward speeds and one reverse speed by
operating three elements among the engagement elements of
the first, second, third, and fourth clutches C1, C2, C3, and

C4 and the first and second brakes B1 and B2.
In this embodiment, 1n the forward first speed D1, the

second and third clutches C2 and C3 and the first brake Bl

are simultaneously operated.
As a result, the second shaft TM2 1s connected with the

input shait IS by the operation of the second clutch C2, and
the first shaft TM1 1s connected with the fourth shaft TM4

by the operation of the third clutch C3. In this state, a torque
1s mnput to the second shait TM2.

In addition, the sixth shaft TM6 acts as a fixed element by
the operation of the first brake B1, thereby realizing the
torward first speed D1 and outputting a shifted torque to the
output shaft OS connected with the third shait TM3.

In this embodiment, in the forward second speed D2, the
first and third clutches C1 and C3 and the first brake B1 are
simultaneously operated.

As a result, the first shait TM1 1s connected with the 1input
shaft IS by the operation of the first clutch C1, and the first
shaft TM1 1s connected with the fourth shaft TM4 by the
operation of the third clutch C3. In this state, the input torque
1s mput to the first shait TM1.

In addition, the sixth shatt TM6 acts as a fixed element by
the operation of the first brake Bl, thereby realizing the
torward second speed D2 and outputting a shifted torque to
the output shaft OS connected with the third shaft TM3.

In this embodiment, in the forward third speed D3, the
first and second clutch C1 and C2 and the first brake B1 are
simultaneously operated.

As aresult, the first shaft TM1 1s connected with the input
shaft IS by the operation of the first clutch C1, and the
second shaft TM2 1s connected with the input shatt IS by the
operation of the second clutch C2. In this state, an 1nput
torque 1s put to the first shaft TM1.

In addition, the sixth shatt TM6 acts as a fixed element by
the operation of the first brake B1, thereby realizing the
torward third speed D3 and outputting a shifted torque to the
output shait OS connected with the third shaft TM3.

In this embodiment, 1n the forward fourth speed D4, the
first clutch C1 and the first and second brakes B1 and B2 are
simultaneously operated.

As aresult, the first shaft TM1 1s connected with the input
shaft IS by the operation of the first clutch C1, and an input
torque 1s mput to the first shaft TMI.

In such a state, the sixth and seventh shafts TM6 and TM7
act as fixed elements by the operation of the first and second
brakes B1 and B2, thereby realizing the forward fourth
speed D4 and outputting a shifted torque to the output shaift
OS connected with the third shatt TM3.

In this embodiment, 1n the forward fifth speed D3, the first
and fourth clutches C1 and C4 and the first brake B1 are
simultaneously operated.

As a result, the first shait TM1 1s connected with the input
shaft IS by the operation of the first clutch C1, and the
second shait TM2 1s connected with the seventh shaft TM7
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by the operation of the fourth clutch C4. In this state, an
input torque 1s mput to the first shaft TM1.

In addition, the sixth shaft TM6 acts as a fixed element by
the operation of the first brake Bl, thereby realizing the
torward fifth speed D5 and outputting a shifted torque to the
output shait OS connected with the third shaft TM3.

In this embodiment, in the forward sixth speed D6, the
first and fourth clutches C1 and C4 and the second brake B2
are simultaneously operated.

As a result, the first shaft TM1 1s connected with the input
shaft IS by the operation of the first clutch C1, and the
second shait TM2 1s connected with the seventh shaft TM7
by the operation of the fourth clutch C4. In this state, an
input torque 1s mput to the first shaft TM1.

In addition, the seventh shaft TM7 acts as a fixed element
by the operation of the second brake B2, thereby realizing
the forward sixth speed D6 and outputting a shifted torque
to the output shaft OS connected with the third shaft TM3.

In this embodiment, 1n the forward seventh speed D7, the
first, third, and fourth clutches C1, C3, and C4 are simul-
taneously operated.

As a result, the first shaft TM1 1s connected with the mnput
shaft IS by the operation of the first clutch C1, the first shaft
TM1 1s connected with the fourth shait TM4 by the opera-
tion of the third clutch C3, and the second shaft TM2 1s
connected with the seventh shaft TM7 by the operation of
the fourth clutch C4.

In this arrangement, the first, second, third, and fourth
planetary gear sets PG1, PG2, PG3, and PG4 integrally
rotate, and a torque 1s mput to the first shait TM1, thereby
realizing the forward seventh speed D7, where a torque 1s
output as inputted, and outputting a shifted torque to the
output shait OS connected with the third shaft TM3.

In this embodiment, 1n the forward eighth speed D8, the
first and third clutches C1 and C3 and the second brake B2
are simultaneously operated.

As a result, the first shaft TM1 1s connected with the mnput
shaft IS by the operation of the first clutch C1, and first shaift
TM1 1s connected with the fourth shait TM4 by the opera-
tion of the third clutch C3. In this state, the input torque 1s
input to the first shaft TM1.

In addition, the seventh shaft TM7 acts as a fixed element
by the operation of the second brake B2, thereby realizing
the forward eighth speed D8 and outputting a shifted torque
to the output shaft OS connected with the third shaft TM3.

In this embodiment, 1n the forward ninth speed D9, the
first and second clutch C1 and C2 and the second brake B2
are simultaneously operated.

As a result, the first shaft TM1 1s connected with the mnput
shaft IS by the operation of the first clutch C1, and the
second shait TM2 1s connected with the input shaift IS by the
operation of the second clutch C2. In this state, a torque 1s
input to the first and second shafts TM1 and TM2.

In addition, the seventh shaft TM7 acts as a fixed element
by the operation of the second brake B2, thereby realizing
the forward ninth speed D9 and outputting a shifted torque
to the output shait OS connected with the third shaft TM3.

In this embodiment, 1n the forward tenth speed D10, the
second and third clutches C2 and C3 and the second brake
B2 are simultaneously operated.

As a result, the second shatt TM2 1s connected with the
input shait IS by the operation of the second clutch C2, and
first shait TM1 1s connected with the fourth shait TM4 by the
operation of the third clutch C3. In this state, the input torque
1s 1nput to the second shait TM2.

In addition, the seventh shaft TM7 acts as a fixed element
by the operation of the second brake B2, thereby realizing
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the forward tenth speed D10 and outputting a shifted torque
to the output shait OS connected with the third shaft TM3.

In this embodiment, in the reverse speed REV, the second
and fourth clutches C2 and C4 and the first brake B1 are
simultaneously operated.

As a result, the second shaft TM2 1s connected with the
input shait IS by the operation of the second clutch C2, and
the second shait TM2 1s connected with the seventh shaft
TM7 by the operation of the fourth clutch C4. In this state,
a torque 1s mput to the second shait TM2.

In addition, the sixth shaft TM6 acts as a fixed element by
the operation of the first brake B1, thereby realizing the
reverse speed REV and outputting a shifted torque to the
output shaft OS connected with the third shait TM3.

As described above, a planetary gear train according to
one embodiment of the present disclosure may realize ten
forward speeds and one reverse speed by operating the four
planetary gear sets PG1, PG2, PG3, and PG4 and by
controlling the four clutches C1, C2, C3, and C4 and the two
brakes B1 and B2.

In addition, a planetary gear train according to an embodi-
ment of the present disclosure may substantially improve
driving stability by realizing shift-stages appropriate for
rotation speeds of an engine due to multi-stages of an
automatic transmission.

In addition, a planetary gear train according to an embodi-
ment of the present disclosure may maximize engine driving,
elliciency by multi-stages of an automatic transmission. The
disclosed planetary gear train may also improve power
delivery performance and fuel consumption.

While this disclosure has been described in connection
with what 1s presently considered to be practical embodi-
ments, it 1s to be understood that the disclosure 1s not limited
to the disclosed embodiments, but, on the contrary, i1s
intended to cover various modifications and equivalent
arrangements 1ncluded within the spirit and scope of the
appended claims.

What 1s claimed 1s:

1. A planetary gear train of an automatic transmission for
a vehicle, the planetary gear train comprising;:

an 1put shait for receiving an engine torque;

an output shait for outputting a shifted torque;

a first planetary gear set having a first, a second, and a
third rotational element;

a second planetary gear set having a fourth, a fifth, and a
sixth rotational element;

a third planetary gear set having a seventh, an eighth, and
a ninth rotational element;

a fourth planetary gear set having a tenth, an eleventh, and
a twelfth rotational element;

a first shait fixedly connected with the ninth rotational
clement and selectively connected with the input shatft;

a second shaft fixedly connected with the twelfth rota-
tional element and selectively connected with the input
shaft;

a third shaft fixedly connected with the eighth rotational
clement, the tenth rotational element, and the output
shaft;

a fourth shait fixedly connected with the first rotational
element, the fifth rotational element, and the eleventh
rotational element;

a fifth shaft fixedly connected with the third rotational
element, the sixth rotational element, and the seventh
rotational element; and

a plurality of additional shaits, wherein each of the
plurality of additional shaits selectively connects a
corresponding element to a transmission housing, the
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corresponding element being a rotational element of the
first or second planetary gear sets that 1s not fixedly
interconnected.

2. The planetary gear train of claim 1, wherein the

plurality of additional shatts comprises:

a sixth shaft fixedly connected with the second rotational
clement and selectively connected with the transmis-
sion housing; and

a seventh shaft fixedly connected with the fourth rota-
tional element and selectively connected with the trans-
mission housing,

wherein the input shait and the first shait, the input shaft
and the second shaft, the first shaft and the fourth shatft,

and the second shait and the seventh shaft are selec-
tively interconnected with each other, respectively.

3. The planetary gear train of claim 2, further comprising:

tour clutches each selectively connecting a corresponding,

pair of shafts, the corresponding pair of shaits selected
among the input shait, the output shaft, and the first to
seventh shafts; and

two brakes selectively connecting the sixth shaft and the

seventh shaft to the transmission housing, respectively.

4. The planetary gear train of claim 3, wherein the four
clutches comprise:

a first clutch arranged between the input shait and the first

shaft;

a second clutch arranged between the input shait and the

second shaft:

a third clutch arranged between the first shaft and the

fourth shaft; and

a Tourth clutch arranged between the second shatt and the

seventh shaft, and

wherein the two brakes comprise:

a first brake arranged between the sixth shait and the

transmission housing; and

a second brake arranged between the seventh shaft and the

transmission housing.

5. The planetary gear train of claim 1, wherein:

the first planetary gear set 1s a single pinion planetary gear

set having a first sun gear, a first planet carrier, and a
first ring gear as the first, second, and third rotational
clements, respectively,

the second planetary gear set 1s a single pinion planetary

gear set having a second sun gear, a second planet
carrier, and a second ring gear as the fourth, fifth, and
sixth rotational elements, respectively,

the third planetary gear set 1s a single pinion planetary

gear set having a third sun gear, a third planet carrier,
and a third ring gear as the seventh, eighth, and ninth
rotational elements, respectively, and

the fourth planetary gear set 1s a single pinion planetary

gear set having a fourth sun gear, a fourth planet carrier,
and a fourth ring gear as the tenth, eleventh, and twelfth
rotational elements, respectively.

6. The planetary gear train of claim 1, wherein the first,
second, third, and fourth planetary gear sets are arranged 1n
the order of the first, second, fourth, and third planetary gear
sets from an engine side.

7. A planetary gear train of an automatic transmission for
a vehicle, the planetary gear train comprising:

an input shaft for receiving an engine torque;

an output shait for outputting a shifted torque;

a first planetary gear set having a {first, a second, and a

third rotational element;

a second planetary gear set having a fourth, a fifth, and a

sixth rotational element;
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a third planetary gear set having a seventh, an eighth, and
a ninth rotational element; and

a fourth planetary gear set having a tenth, an eleventh, and
a twelfth rotational element,

wherein the first rotational element 1s fixedly connected
with the fifth rotational element and the eleventh rota-

tional element,
the second rotational element 1s selectively connected

with the transmission housing,

the third rotational element 1s fixedly connected with the
sixth rotational element and the seventh rotational
element,

the fourth rotational element 1s selectively connected with
the transmission housing,

the eighth rotational element 1s fixedly connected with the
tenth rotational element and the output shatt,

the ninth rotational element 1s selectively connected with
the eleventh rotational element and the mnput shaft,
respectively, and

the twellth rotational element 1s selectively connected
with the fourth rotational element and the mput shaft.

8. The planetary gear train of claim 7, further comprising:

four clutches each selectively connecting a corresponding,
pair of shaits, the corresponding pair of shafts selected
among the mput shait, the output shaft, and the rota-
tional elements; and

two brakes selectively connecting the second rotational
clement and the fourth rotational element to the trans-
mission housing, respectively.

9. The planetary gear train of claim 8, wherein the four

clutches comprise:

a first clutch arranged between the mput shaft and the
ninth rotational element:
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a second clutch arranged between the imnput shait and the
twellth rotational element;

a third clutch arranged between the ninth rotational ele-
ment and the eleventh rotational element; and

a fourth clutch arranged between the fourth rotational
element and the twelfth rotational element, and

wherein the two brakes comprise:

a first brake arranged between the second rotational
clement and the transmission housing; and

a second brake arranged between the fourth rotational
clement and the transmission housing.

10. The planetary gear train of claim 7, wherein:

the first planetary gear set 1s a single pinion planetary gear
set having a first sun gear, a first planet carrier, and a
first ring gear as the first, second, and third rotational
clements, respectively,

the second planetary gear set 1s a single pinion planetary
gear set having a second sun gear, a second planet
carrier, and a second ring gear as the fourth, fifth, and
sixth rotational elements, respectively,

the third planetary gear set 1s a single pinion planetary
gear set having a third sun gear, a third planet carrier,
and a third ring gear as the seventh, eighth, and ninth
rotational elements, respectively, and

the fourth planetary gear set 1s a single pinion planetary
gear set having a fourth sun gear, a fourth planet carrier,
and a fourth ring gear as the tenth, eleventh, and twelfth
rotational elements, respectively.

11. The planetary gear train of claim 7, wherein the first,

30 second, third, and fourth planetary gear sets are arranged in

the order of the first, second, fourth, and third planetary gear
sets from an engine side.
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